To investigate factors associated with surgical outcomes of cervical ossification of the posterior longitudinal ligament (OPLL). This retrospective study included patients (662 males and 251 females; mean age 55.8 years) with symptomatic OPLL. All patients had been diagnosed with OPLL based on cervical magnetic resonance imaging and computed tomography scans. Demographic, surgical outcome was measured using visual analog scale (VAS) and Japanese Orthopedic Association (JOA) scale scores. The results of our study indicated radicular pain was more common in segmental and circumscribe OPLL subtypes (P < 0.05). An anterior approach was favored in patients with less than 3 involved vertebral levels (P < 0.05). All surgical methods showed good outcomes (P < 0.05). Continuous and mixed OPLL subtypes showed worse surgical outcome with higher VAS and JOA scores (P < 0.05). Laminoplasty and anterior cervical discectomy and fusion were significantly associated with a higher recovery rate (P < 0.05). Among these patients, there were more complications with the anterior approach (P < 0.05). Male gender, open door laminoplasty ipsilateral, and ipsilateral-to-symptom-side opening were associated with postoperative C5 palsy (P < 0.05). Cervical OPLL may cause myelopathy, surgery is a safe and effective treatment for OPLL. There were no differences in clinical outcome according to surgical type, but complication rates varied depending on sex and surgical approach to symptom.
Introduction
Ossification of the posterior longitudinal ligament (OPLL) is a multifactorial disease resulting from pathologic OPLL that can cause stenotic changes in the spinal canal. It is recognized as one of the most common causes of severe cervical myelopathy and surgery is often necessary. OPLL is a common disease in Asian countries, and its prevalence has been reported to be 1.9% to 4.3% in Japan, [1] [2] [3] [4] [5] [6] [7] and 3.4% to 5.7% in Korea. [5, 8, 9] A variety of surgical approaches have been used to treat cervical OPLL, depending on the degree of compression, sagittal alignment, number of compressed levels, and the patient's general status. [2, 10] In single-level or 2-level disease, anterior cervical discectomy and fusion (ACDF) allows for direct resection of ossified tissues and complete decompression of the spinal cord can be achieved. However, in patients with multilevel (more than 3 involved vertebrae) OPLL, specifically continuous or mixed subtypes, anterior decompression is riskier and more difficult. As a result, poorer clinical results are frequently reported in these patients, and the posterior approach is often considered. However, this technique is still associated with many complications. [6, [10] [11] [12] [13] In patients with cervical OPLL, clarifying the relevant factors associated with surgical outcomes will help to guide treatment. [14] However, relatively few large scale OPLL studies have been conducted. [5] The purpose of this study was to investigate relevant factors associated with surgical outcomes in cervical OPLL.
Methods

Patients and operations
This was a single-center retrospective study in Yonsei University Medical Center that evaluated 913 patients who underwent cervical surgery for OPLL (Anterior Cervical Discectomy Fusion, Laminoplasty, Posterior Cervical Fusion) ( Figs. 1 and 2 ) from January 1998 to January 2012. All study methods were approved by the Ethics Committee of Severance Hospital of Yonsei University. Inclusion criteria were defined as follows: cervical OPLL involving level, surgical cases among all patients cases, minimum follow-up of 60 months. OPLL patients were excluded if their symptoms were associated with cervical spondylotic myelopathy from cervical stenosis or cervical deformity from Editor: Zelena Dora.
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spinal injury, tumor, infection, congenital disorders, or inflammatory arthritis (including ankylosing spondylitis and rheumatoid arthritis). Patients with occipitocervical fusion and cervicothoracic fusion were also excluded. All patients were reviewed and followed up with for a minimum 60 months. Symptom duration was divided into acute (<1 month), subacute (1-3 months), and chronic (>3 months). This study was conducted to retrospectively analyze the demographics, clinical presentation, and radiographic findings in patients with OPLL of the cervical spine. This information could serve as a basis for further studies and potentially guide OPLL treatment in the future. There is no need to obtain informed consent from patients because this is a retrospective study and all data were collected and analyzed anonymously.
Radiological and clinical assessment
Computed tomography and magnetic resonance imaging scans of the cervical spine were obtained preoperatively in all cases. Plain X-rays were taken preoperatively and 1, 3, 6, 12, 24, 36, 48 , and 60 months postoperatively. C2 to C7 Cobb angle was measured.
We subdivided OPLL patients based on the classification system developed by the Japanese Investigation Committee on the Ossification of the Spinal Ligaments that includes localized, segmental, and mixed types. Following laminoplasty, we examined patients' kyphotic posture by measuring the cervical Cobb angle. By comparing results between pre-and postoperative cervical sagittal alignment, we classified the level of kyphotic changes into 3 subsets by evaluating the changes in C2 to C7 Cobb angle in patients with a laminoplasty: 0°, 0°to 10°, and >10°(lordotic). We also calculated differences in pre-and postoperative clinical outcomes using the visual analog scale (VAS) and Japanese Orthopedic Association (JOA) scores.
Statistical analysis
Data were presented as the number of subjects or mean ± standard deviation. Comparison of each independent variable between the 2 groups was done by using the independent-sample Student t test for continuous variables and the Chi-squared test, linear-by-linear association, or Fisher exact test for categorical variables. Data analyses were performed using SPSS version 18 for Windows (SPSS, Inc., Chicago, IL).
Results
Patient demographics
Patient demographic data are summarized in Table 1 . The mean preoperative symptom duration was 21.5 months (range 0.1-360 months). The mean follow-up period was 14 months (1-60 months). The majority of patients were male (662 males: 251 females) and segmental type OPLL was the most common (42.7%), and also the effects of preoperative variables (age, symptom duration, follow-up period, and OPLL types).
Clinical outcome
Clinical outcomes according to surgical approaches are visualized in Figures 3 and 4 . The recovery pattern of clinical outcome was similar among the groups. Lower preoperative VAS scores were seen in the laminectomy and combined groups. Until 60 months postoperative, the combined approach group showed lower VAS scores, but the differences were not significant. The posterior approach group showed worse preoperative JOA scores. Laminectomy, posterior fusion and combined surgery showed worse final JOA scores (P < 0.05).
Surgical procedures
We investigated the choice of surgical approaches in OPLL (Fig. 5) . The anterior approach was the most common (55.78%), followed by posterior approach (43%) and combined approach (1.2%). In patients with less than 3 involved spinal levels, the anterior approach was the most common choice and in patients with 3 or more involved spinal levels, the posterior approach was typically used.
Radiologic progression
We investigated the relationship between C2 and C7 Cobb angle in the neutral position and various surgical techniques (Fig. 6 ).
Posterior fusion and laminoplasty have higher progression C2 to C7 Cobb angle but slightly higher in patients who underwent laminoplasty surgery.
Complications
Postoperative complications were significantly more common in the anterior approach group than the posterior approach.
Cerebrospinal fluid (CSF) leakage occurred in 21 patients (2.3%), C5 palsy occurred in 18 patients (2%), and neurological compromise occurred 9 patients (1%).
Discussion
Our study evaluated surgical approaches in the treatment of cervical OPLL. The majority of patients in this study were male. This result is consistent with a previous study. [2] In our study, mean patient age was 55.8 years old and this was also consistent with previous OPLL research. [2] Duration of symptoms mostly chronic state. According to OPLL types our study identified mostly segmental. Surgical management of OPLL, specifically the choice of anterior or posterior approach, is a controversial issue. It is thought best for a neurosurgeon to perform surgery by the most familiar method also by comparation the advantages and disadvantages of each surgical method. [12, [15] [16] [17] [18] [19] A consensus has not been reached about the most effective surgical management of cervical OPLL. Some researchers have suggested that anterior decompression is associated with better outcome regardless of the canal-occupying ratio and neural function postoperatively, whereas other studies have demonstrated better success with posterior decompression. [20] As relatively few studies have been published regarding the choice of surgical technique for cervical OPLL, our findings are helpful for selecting an appropriate surgical approach and identifying factors that could determine clinical improvement after cervical OPLL surgery.
Improvements in JOA and VAS scores were observed in all posterior neck surgery methods and showed substantial differences between groups (Figs. 3 and 4) . Previous studies have demonstrated similar results. [12, 15] Although the choice of surgical approach is a critical factor with regard to postoperative complications, the location of spinal cord compression and sagittal alignment of cervical spine need to be considered when choosing operative technique. [14, 21] This study identified that the anterior approach was more commonly performed in patients with cervical OPLL. A variety of complications were associated with the anterior approach, likely due to the soft tissue structure surrounding at the entry site of surgery, more than 3 involved level more frequent complication because technically demanding. [4, 10, [22] [23] [24] [25] [26] [27] ACDF and laminoplasty produces long-lasting improvement, confirmed at 5-year follow-up. Not only have favorable results been achieved higher recovery rate. Our study showed that the ossified cervical curve progression was increased regardless of the laminoplasty method. The cervical C2 to C7 Cobb angle at baseline varied somewhat by group because we usually performed posterior fusion in patients with neutral or correctable kyphosis. [25, 28] Patients in this study had a wide range of follow-up times, ranging from 12 to 60 months. A previous study reported that ossification type was closely related to the outcome of laminoplasty. Our study showed that continuous and mixed subtypes showed worse surgical outcome with higher VAS and JOA scores. [29] Previous researchers discussed the use of titanium miniplates that permitted adequate decompression of the cervical spinal cord and bilateral cervical nerve roots. They showed successful reconstruction of an enlarged rigid spinal canal this similar with our study that showed laminoplasty and ACDF have higher recovery rate among others. [14, [30] [31] [32] [33] [34] However, there were significant differences among the 3 groups in both C2 to C7 Cobb angle in neutral position during the study period (Fig. 5) . Our study, all patients who underwent posterior neck surgery tended to lose greater cervical lordosis (Fig. 6) .
The choice of surgical method for cervical OPLL was divided into 2 approaches: anterior or posterior. When planning the approach, the neurosurgeon should consider factors such as the location of spinal cord compression, number of levels involved, the sagittal alignment of the cervical spine, and general health status of the patient. [2, 10, [35] [36] [37] After posterior surgeries, our study showed a few complications. In patients who underwent anterior surgery, the incidence of CSF leakage and C5 palsy were significantly higher. [38] The significance of demographic factors has been widely studied, but their role in guiding surgical approach has not been demonstrated. In our study, male gender and open door laminoplasty ipsilateral, and ipsilateral-to-symptom-side opening were significantly associated with postoperative C5 palsy.
Our study had several limitations. First, this study was a retrospective clinical analysis at a single institution. Therefore, the possibility of selection bias exists. If patients with worse outcome could be followed, the results of this study would not be critical for selecting the appropriate surgical approach. Second, this study did not include preoperative measurement of dynamic factors, such as cervical range of motion, loss of cervical lordosis, and T1 sagittal slope. It is important to identify the relationships between cervical dynamic factors and surgical outcome in the treatment of OPLL. Our study could support the benefits of an anterior approach in the management of cervical OPLL, but we cannot definitively conclude whether it is superior to other treatment strategies. In conclusion the present study demonstrates that cervical OPLL compression may cause myelopathy, satisfied results can be achieved with surgery. There were no differences in clinical outcome according to surgical type, but complication rates varied depending on sex and surgical approach to symptom. 
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